Morbidity and mortality of lung cancer rank first in China and worldwide. Thus, noninvasive prognostic biomarkers are critical for clinicians to perform risk assessment in lung cancer patients prior to or during the course of treatment. In this study, we evaluated the prognostic value of preoperative hematocrit (HCT) count reduction on the long-term survival of lung cancer patients undergoing pneumonectomy and analyzed the correlation between reduced HCT counts and patients' clinicopathological features. A total of 1022 patients who underwent surgical treatment in Harbin Medical University Cancer Hospital, China, from February 2006 to December 2013, were enrolled in this study. The association between the clinicopathologic variables and HCT were evaluated by Mann-Whitney U-test and chi-square test, respectively. Survival curves were generated using Kaplan-Meier estimates, and differences between the curves were analyzed by a log-rank test. Multivariable analysis showed that high HCT (P < 0.001, HR: 0.595, 95% CI: 0.458-0.774) was favorable for patients' survival. Low HCT patients presented shorter mean months of OS than that of high HCT patients (P < 0.001). Male adenocarcinoma carcinoma patients with lower body mass index (BMI) and advanced tumor stage were more likely to observe low HCT. We identified for the first time reduced preoperative HCT count as an independent risk factor leading to poor prognosis in lung cancer patients who underwent surgical treatment.
Introduction
Lung cancer is the most common malignancy worldwide. In the past three years, the morbidity and mortality of lung cancer have been increasing with unprecedented speed and ranking first in all cancers [1] . In 2015, the number of newly diagnosed lung cancer cases in China reached about 730 thousand and the mortality 610 thousand [2] . As generally acknowledged, it is important to accurately predict the prognosis of a patient before surgery for appropriate management of patients. Thus, biomarkers are critical for clinicians to perform risk assessment in lung cancer patients prior to or during the course of treatment.
Studies have reported that lung cancer patients with increased peripheral blood leukocytes showed increased mortality [3] [4] [5] , and the number of lymphocytes and their abnormal functions were also indicators of prognosis [4, 5] . HCT is one of the erythrocyte parameters. However, there have seldom been reports to show that HCT can be adopted as a screening index or a treatment effect predictor of certain diseases [6] . No reports showed that it can be used in lung cancer cases, either.
In this study, we evaluated the prognostic value of preoperative HCT count reduction on the long-term survival of lung cancer patients undergoing pneumonectomy. In addition, the correlation between reduced HCT counts and patients' clinicopathological features was analyzed.
Materials and Methods

Study Population.
A total of 1022 patients who underwent surgical treatment in Harbin Medical University Cancer were enrolled in this study. The enrolled patients received routine chest CT, head CT, bone nuclide imaging, and liver and adrenal gland ultrasonography to evaluate the preoperative tumor staging and received pulmonary function and heart color ultrasonography to evaluate the heart and lung function. All enrolled patients were diagnosed through pathological diagnosis. For most lung cancer patients, standard surgical procedure of pulmonary lobectomy and node dissection was performed. Excluding criteria are preoperative neoadjuvant radio (chemo-) therapy, intraoperative or postoperative pathologic exclusion of lung cancer, and patients with lung cancer combined with other cancer. This study was approved by the Ethics Committee of Harbin Medical University, Harbin, China. Written informed consent was obtained from all the participants. In our study, the lung cancer TNM staging system was used, which was revised by the International Association for the Study of Lung Cancer (IASLC) and adopted by the AJCC (8th edition, 2017) [7] . The TNM staging system applying to both NSCLC and SCLC based on studies showed that the various stage designation presented prognostic significance in both diseases [8] .
Follow-Up.
We carried out the follow-up by calling or visiting the patients or their relatives to assess their medical records. The first follow-up performed after 1 month hospital discharge, when the patients were recommended to return to the hospital for routine postoperative examination. The second follow-up was carried out at the end of the third month after surgery. After that, the patients were followed up once every 3 months for the first year, then every 6 months for the second year and third year, and once for the fourth and fifth year. If a patient died during the follow-up, the information of the exact date and cause of death would be acquired. The last follow-up was in July 2016. The surviving patients at the end of the study were examined.
Clinical Data Collection.
The following data of each patient was collected from the Hospital Episodes Statistics with permission of the hospital's ethnic committee: sex, age at the surgery, height, weight, smoking history, tumor size, pathological type, lymph node metastasis, staging, and survival time, etc. The other laboratory data collected included red blood cell (RBC) count, mean corpuscular hemoglobin (MCH), hemoglobin (Hb), white blood cell (WBC), prothrombin time (PT), hematocrit (HCT), and mean corpuscular volume (MCV). LH750 Beckman Coulter (Florida, Miami, USA) was used to measure blood cell counts.
If multiple laboratory tests were carried out, only the data from the last examination before surgery would be analyzed. The postoperative count was specified to the examination after 1 month of the surgery. According to the diagnostic criteria of the hospital, the above biochemical variables were divided into 3 groups: increased group (above the upper limitation of the normal range), normal group (within the normal range, if there was a range for laboratory parameters in clinical practice), and decreased group (less than the lowest limitation of normal range). Note: the numbers in some groups are < 1022 due to the lack of original data. Hb: 1, Hb ≥ 120 g/L for male, ≥110 g/L for female; 2, Hb < 120 g/L for male, <110/L for female. RBC: 1, RBC ≥ 4×1012/L for male, ≥3.5 × 1012/L for female; 2, RBC < 4 × 1012/L for male, <3.5 × 1012/L for female. HCT: 1, HCT ≥ 40% for male, ≥35% for female; 2, HCT < 40% for male, <35% for female. The low group is marked 1, normal group marked 2, and high group marked 3 in each group.
Statistical Analysis.
The association between the clinicopathologic variables and HCT were evaluated by MannWhitney U-test and chi-square test, respectively. Cox univariate and multivariate analyses were performed to identify the independent factors relevant to patients' survival. Survival curves were generated using Kaplan-Meier estimates, and differences between the curves were analyzed by a logrank test. All analyses were conducted using SPSS 21.0 (Xishu software (Shanghai) company). P values < 0.05 were considered statistical significance.
Results
Baseline Characteristics and Follow-Up Information of Lung Cancer Patients.
We collected the preoperative clinicopathologic data and follow-up information of 1022 patients with lung cancer in this study. The baseline characteristics of these patients were summarized in Table 1 . The study cohort included 590 men (57.7%) and 432 women (42.3%), with a median age of 59 years. All patients were followed up and the median follow-up time was 24.7 months (range, 1-114 months). At the time of final follow-up, there were 782 patients alive and the 1, 3, and 5 year overall survival (OS) rates were 92%, 74%, and 66%, respectively. 
Survival Analysis for the Risk Factors Related to OS of Lung Cancer Patients.
To investigate the risk factors for poor prognosis after surgical treatment, the preoperative HCT, RBC, Hb, MCV, and MCH as well as the other 6 potential clinicopathological characteristics were analyzed by univariate analysis. As shown in Table 2 HCT (P < 0.001), RBC (P = 0.001), Hb (P = 0.013), and tumor stage (P < 0.001) were identified as candidate risk factors for patients' prognosis. Furthermore, multivariable analysis showed that advanced tumor stage (tumor stage II: P < 0.001, HR: 1.969, 95% CI: 1.468-2.460; tumor stage III: P < 0.001, HR: 2.584, 95% CI: 1.866-3.578) was an independent risk factor for poor prognosis in patients with lung cancer, and high HCT (P < 0.001, HR: 0.595, 95% CI: 0.458-0.774) was favorable for patients' survival (Table 3) .
To the best of our knowledge, this was the first study to report the prognostic value of HCT in lung cancer patients. To further access the predicating value of HCT, we used the Kaplan-Meier method and log-rank tests. As the KaplanMeier survival curve shown in Figure 1(a) , low HCT patients presented shorter mean months of OS than high HCT patients (P < 0.001). The 1-, 3-, 5-year OS rates were 85%, 64%, and 56% in low HCT group. The respective OS rates in high group were 94%, 77%, and 69%.
Next, to prove the universal applicability of HCT as a valuable prognostic parameter, the cohort was adjusted by histologic type. Patients were divided into lung adenocarcinoma patients and squamous cell carcinoma patients, and the results showed that HCT had a predictive prognostic value for lung adenocarcinoma patients (Figure 1(c) ) and no such value for lung squamous cell carcinoma patients (Figure 1(b) ).
Kaplan-Meier curve analysis confirmed that, among male patients, the 1-, 3-, 5-year OS rates were 85%, 62%, and 58% in low HCT group and 94%, 77%, and 73% in high HCT group; low preoperative HCT indicated poor prognosis (P < 0.001). However, this result was not obtained in female patients (P = 0.066). According to their ages at the moment of surgery, the patients were divided into 2 groups using age of 60 years old as a cutoff set, while, among a subfraction of patients under 60 years old, the 1-, 3-, 5-year OS rates were 88%, 68%, and 63% in low HCT group patients, which were statistically lower than 94%, 77%, and 71% in high HCT group (P = 0.030). Similar results were also obtained in those patients > 60 years old; low HCT group patients have shorter OS than high HCT group (P < 0.001) (Figures 1(d)-1(g) ).
Impact of Preoperative and Postoperative HCT on the Prognosis of Lung Cancer Patients.
As preoperative HCT could potentially be used as a predictor of the OS in lung adenocarcinoma cancer patients who underwent surgery, it was worthwhile to take the influence of postoperative HCT into consideration too. When preoperative HCT was combined, patients were stratified into 4 subgroups. The results were plotted in Figure 2 . Preoperative HCT has a greater effect on the prognosis of patients with lung cancer. The prognosis of patients with high preoperative HCT is better while that of patients with low HCT is worse. Postoperative HCT has less effect in predicting patients' survival. It seemed that preoperative HCT was more usable in predicting patients' survival.
Comparisons of Characteristics between Patients with
Low and High HCT. The characteristics of two groups were summarized. There was statistically significant association between two HCT groups in sex (P < 0.001), tumor staging (P = 0.011), BMI (P < 0.001), and smoking (P < 0.001). Multivariate analysis showed that sex, BMI, and tumor stage, influenced HCT, indicating that male adenocarcinoma carcinoma patients with lower BMI and advanced tumor stage were more likely to observe low HCT.
Discussion
Currently, there is no unanimous evaluation standard of prognosis of lung cancer patients, as a variety of factors can affect the patients' prognosis. In this study, through Cox univariate analysis, HCT, RBC, Hb, and tumor stage were identified as the candidate risk factors for patients' prognosis. Further, multivariate analysis showed that advanced tumor stage was an independent risk factor for poor prognosis in lung cancer patients, and high HCT was favorable for patients' survival ( Table 3) .
Some of these factors were in coherence with other studies [4, [9] [10] [11] , which indicated the quality of our current followup study cohort. Interestingly, as the Kaplan-Meier survival curve shown in Figure 1 (a), patients with low HCT presented shorter mean months of OS than patients with high HCT. We identified for the first time the reduced preoperative HCT count as an independent risk factor leading to poor prognosis in lung cancer patients who underwent surgical treatment. Furthermore, our data clearly demonstrated that HCT was negatively correlated with patients' tumor stage, which was a well-known prognostic measure for predicting the outcome of lung cancer patients who underwent surgical resection. Thus, it was not surprising to find that patients with lower preoperative HCT had shorter survival time, just as patients with higher tumor stage. In addition, since HCT can be examined by routine blood test, it might be adopted as a new and conditional marker to estimate the general condition of patients and predict the mortality risk of lung cancer patients who would undergo surgery.
It was commonly recognized that certain clinicopathologic variables could impact the OS rate of lung cancer patients who underwent surgical treatment. At the moment, we cannot provide a mechanistic explanation why a patient's preoperative HCT count linked to his/her postsurgery survival chance. An article recently published pointed out that the lung was a complex organ that could regenerate after major injuries, a major organ of platelet production with potential of being a contributor to blood generation, and a reservoir for resident megakaryocytes and hematopoietic progenitor cells [12] .
In order to obtain some clues, we explored the relationship between reduced preoperative HCT with those demographic and clinical features known to be of impact on patients' postoperative survival rate. We found that male patients with lower BMI, adenocarcinoma carcinoma and advanced tumor stage were more likely to observe low -HCT.
Some studies have suggested that low HCT is associated with patients' loss of appetite. Nutritional status was an important predictor of postoperative death and complications in patients with lung cancer [13] . There have been articles pointing out that Low BMI before surgery affected surgical outcomes in the negative way for patients with nonsmall-cell lung cancer [14, 15] .
Our findings also showed that low HCT was in association with lower BMI, which was related to poor prognosis. Red cells were associated with the immune status of the body [16] . Some studies concluded that lung cancer patients with anemia had reduced immune function [17] , which was more obvious in late stage (IV-stage) lung cancer. Our findings identified that low HCT was an independent risk factor for prognosis in patients with early and midterm (IIstage and IIII-stage) lung cancer. As this study showed that low HCT in the early and midstage lung cancer affected prognosis, treating patients with anemia before surgery with iron supplements, folic acid, and vitamin B12 could decrease the anemia of majority of patients, and such treatment was very necessary [13, 18] .
We must acknowledge that there are some limitations in this study. During the course of collecting cases, we do not consider the impact of surgical procedure and standardized treatment after surgery (such as whether to accept chemotherapy and targeted therapy, etc.) on the survival. Additionally, this study is a retrospective study; large, prospective studies will be necessary to determine.
Conclusions
We identified for the first time reduced preoperative HCT count as an independent risk factor leading to poor prognosis in lung cancer patients who underwent surgical treatment.
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